Pyrenophora graminea, the causal agent of leaf stripe disease, is an economically important pathogen of barley found worldwide. Forty-four isolates of diverse geographical origin within Syria were grouped into vegetative compatibility groups (VCGs) by demonstrating heterokaryosis by complementation tests using nitrate nonutilizing (nit) mutants. All isolates were grouped into three VCGs-1-A, 1-B and 1-C. No self-incompatibility was observed in any of the isolates tested. VCG 1-A was the most common group within growing regions in Syria and proved to be the most virulent of the VCGs identified. These data indicate that the level of virulence in P. graminea is related to VCG.
Pyrenophora graminea [anamorph Drechslera graminea (Rabenh. ex Schltdl.) Ito] the causal agent of leaf stripe, is an important pathogen of barley (Hordeum vulgare L.) found worldwide. This pathogen is considered economically important because it can cause marked reduction in yield and quality of the crop (Arabi et al., 2004; Porta-Puglia et al., 1986 ). The fungus is well known for its variable morphological and physiological traits (Arabi et al., 2005; Gatti et al., 1992; Jawhar et al., 2000) . However, although efforts for developing and introducing leaf stripe resistant germplasms are under progress, these efforts have been impeded due to the lack of information about the fungal pathogen and the genetic structure of pathogen population.
Vegetative compatibility groups (VCG) is a genetically determined ability in which isolates of the same fungal species anastomose and form stable heterokaryons, during which genetic material may transfer from one isolate to another (Leslie, 1993) . Isolates belonging to a VCG tend to have a common genetic pool (Leslie, 1993) and, therefore, may have similar pathological and physiological traits differing from those of isolates that do not belong to that VCG (Day, 1974; Leslie, 1993; Nitzan et al., 2002) .
Analysis of VCG has been used as a powerful method to classify races (Larkin et al., 1990; Wasilwa et al., 1993) for assessing genetic relationship among fungal populations (Grubisha and Cotty, 2010; Nitzan et al., 2002) , and estimating the virulence level or host specificity of the isolates (Cherrab et al., 2002; Kauserud, 2004) . Testing isolates for VCGs usually is based on complementation tests with nitrate-nonutilizing (nit) mutants, which are impaired in their ability to utilize nitrate from the growing media (Korolev et al., 2000; Nitzan et al., 2006) .
Various DNA markers based polymerase chain reaction methods have been utilized to characterize Pyrenophora species. However, the use of VCGs has not yet been applied to the study of P. graminea genetic population, and no information is available on the relationship between VCG and virulence of its isolates on barley. The aims of this study were 1) to investigate the genetic diversity in the respect of VCG, and 2) to determine the relationship between VCG and virulence of P. graminea isolates pathogenic on barley.
Materials and Methods
Fungal isolates. Barley leaf tissues naturally infected with P. graminea were randomly sampled during 2002 and 2006. Leaf tissues with necrotic lesions were cut into pieces (5 × 10 mm) and sterilized in 5% sodium hypochlorite (NaOCl) for 5 min. After three washings with sterile distilled water, the pieces were transferred onto Petri dishes containing potato dextrose agar (PDA, DIFCO, Detroit, MI. USA) with 13 mg/l kanamycin sulphate added after autoclaving and incubated for 10 days, at 21 ± 1 ºC in the dark to allow mycelial growth and sporulation. In preliminary studies (Arabi et al., 2004; , 44 monosporic isolates were selected based on morphological and physiological criteria (virulence) for this study. Fungal isolates were cultured on potato dextrose agar (PDA, DIFCO, Detroit, MI USA) and incubated for 10 days at 22 ± 1 ºC in the dark.
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Virulence tests. Virulence tests of all isolates were performed on a universal susceptible cultivar 'Arrivate' from USA, using the method described by Hammouda (1986) . Seeds were surface sterilized in 5% NaOCl for 5 min, washed several times in sterile deionized water, and left to dry between sterilized filter papers. They transferred into Petri dishes containing an actively growing mycelium (8 day-old) cultured on PDA media and incubated at 6 ºC for 14 days in the dark. The control seeds were placed on PDA dishes without mycelium. After inoculation the seeds were removed carefully and planted in the field. Incidence and severity were estimated visually at the heading stage (Zadoks et al., 1974) ; Incidence was recorded as the proportion of diseased plants (number of plants with nonzero severity divided by the total number of plants sampled). Whereas, severity was recorded as infected leaf area per plant expressed as a proportion of the total area. No plants showing leaf stripe symptoms were found among the un-inoculated controls. The experiment was repeated twice. The mean of disease severity was first calculated for each isolate separately, and the mean values for each VCG and correlations were calculated using Student-Newman-Keuls test (Anonymous, 1988) .
Vegetative compatibility. Nitrate nonutilizing (nit) mutants were generated and the phenotypes of all nit mutants were determined by the method of Correll et al. (1987) . Stable nit1 and NitM phenotypes from each isolates were stored in the sterile distilled water at 4°C. Before complementation tests among isolates, vegetative self-incompatibility of each isolate was examined (Jacobson and Gordon, 1988) . nit1 and NitM mutants of all 44 isolates of P. graminea were then paired in all possible combinations on minimal media (MM) (Puhalla, 1985) and the plates were incubated at 22°C in the dark. Vegetative compatible isolates were recognized by the robust growth at the interface of the two colonies about 12 days after inoculation.
Results and Discussion
All 44 isolates of P. graminea produced chlorate-resistant sectors on chlorate medium and phenotype ratio of nit mutants varied among them. Two to 10 nit mutants were obtained from each isolate of P. graminea. A total of 93 Nit mutants were obtained from the 44 isolates. Two phenotypic classes of nit mutants were identified, the nit (nit1/nit3) phenotype was recovered (53.76%) and NitM was (46.24%) ( Table 1) . Similar recovery frequencies of nit1 and NitM classes also found for Fusarium oxysporum (Ahn et al., 1998) . Several nit and NitM mutants from each isolate were selected for complementation tests. No selfincompatibility was observed between complementary nit mutants recovered from the same isolate of P. graminea.
Based on pairing complementary Nit mutants of all isolates, the 44 isolates were grouped into three VCGs. They consisted of one large VCG (24 isolates), arbitrarily designated as 1-A, and two other VCGs-1-B (15 isolates), and 1-C (5 isolates). VCG 1-A was widely distributed throughout the collection area (Table 2 ).
All 44 isolates caused disease symptoms on the barley genotype Arrivate, but the level of virulence of each isolate varied greatly. Disease incidence ranged from 13.6 to100%, and severity was up to flag leaves (90%) in the VCG-1-A (Table 3) . Moreover, mean incidence of isolates in VCG 1-A was significantly (P = 0.05) higher than those of other VCGs (Table 3) . These results suggest that VCG is associated with virulence in P. graminea. However, the virulent and weakly virulent isolates were not concentrated in one region of the country, this suggests that P. graminea Nit mutants were generated using technique described by Puhalla (1985) . The percentage of infected plants according to Delogu et al. (1989) . Means followed by different letters are significantly different using the Newman-Keuls test (P = 0.05). The number in the parentheses indicates the ranges of pathogenicity of isolate in each VCG.
isolates might be derived from the same founder source population and disseminated from one area to another in association with their hosts. This is highly plausible given that P. graminea has a wide host range, and is a seedborne pathogen (Mathre, 1990) . A similar relationship has been reported in Verticillium dahliae Kleb. (Cherrab et al., 2002) , in Colletotrichum coccodes (Nitzan et al., 2006) , and in Cochliobolus sativus (Arabi and Jawhar, 2007) . Furthermore, strong virulence of isolates in VCG 1-A (mean disease incidence 90.1%; and severity up to flag leaf) may explain why this group was predominant in our collection from barley showing disease symptoms in the field.
Our results showed that there was a significant variation in the virulence of P. graminea among VCGs isolates (Table 3 ). These differences may have practical importance, especially in new plantations where soil assays for P. graminea estimate the population level without differentiating among VCGs. Data on the VCG distribution of detected P. graminea populations, and on the relative virulence of each VCG, would enable a more accurate evaluation of potential damage and the control measures. Determination of potential virulence to barley in P. graminea populations is also important for accurate selection of isolates when screening resistant and tolerant barley lines in breeding programs.
In this study, three VCGs of P. graminea were recovered in Syria. VCG 1-A was the most common group within growing regions and proved to be the most virulent of the VCGs identified. These data indicate that the level of virulence in P. graminea is related to VCG. Therefore, it may be useful to monitor the outbreak of VCG 1-A in the replanted fields for the successful control of leaf stripe disease and to screen breeding lines of barley. To our knowledge, this is the first report of the classification of P. graminea obtained from barley into VCGs.
